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FOREWORD

This handbook on Mediterranean Ports was
developed as part of an ongoing effort at the Naval
Environmental Prediction Research Facility to create
products for direct application to Fleet operations.
The research was conducted in response to Commander
Naval Oceanography Command (CNOC) requirements validated
by the Chief aof Naval Operations (CNO).

As mentioned in the preface, the Mediterranean
region is unique in that several areas exist where local
winds can cause dangerous operating conditions. This
handbook will provide the ship‘’s captain with assistance
in making decisions regarding the disposition of his
ship when heavy winds and seas are encountered or
forecast at various port locations.

>

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to NOCC, Rata
with a copy to the oceanographer, COMSIXTHFLT. They
will then be passed on to the Naval Environmental
Prediction Research Facility for review and
incorporation as appropriate. This document will be a
dynamic one, changing and improving as more and better
information is obtained. :

M. G. SALINAS
Cammander, U.S. Navy

iii
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PORT INDEX

following is a

tentative

prioritized 1list of

Mediterranean Ports to be evaluated during the five-year period
1988-92, with ports grouped by expected year of the port study’s

publication.

circumstances and periodic review.

GAETA, ITALY
NAPLES, ITALY
CATANIA, ITALY
AUGUSTA BAY, ITALY
CAGLIARI, ITALY

LA MADDALENA, ITALY
MARSEILLE, FRANCE
TOULON, FRANCE
VILLEFRANCHE,
MALAGA, SPAIN
NICE, FRANCE
CANNES, FRANCE
MONACO

ASHDOD, ISRAEL
HAIFA, ISRAEL
BARCELONA, SPAIN
PALMA, SPAIN
IBIZA, SPAIN
POLLENSA BAY,
VALENCIA,
CARTAGENA, SPAIN
GENOA, ITALY
LIVORNO, ITALY
SAN REMO, ITALY
LA SPEZIA, ITALY
VENICE, ITALY
TRIESTE, ITALY

FRANCE

SPAIN
SPAIN

SPLIT, YUGOSLAVIA
DUBROVNIK, YUGOSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINA, ITALY
TAORMINA, ITALY

PORTO TORRES, ITALY

iv

This list is subject to change as dictated by

BENIDORM, SPAIN

ROTA, SPAIN

TANGIER, MOROCCO

PORT SAID, EGYPT
ALEXANDRIA, EGYPT
ALGIERS, ALGERIA
TUNIS, TUNISIA

GULF HAMMAMET, TUNISIA
GULF OF GABES, TUNISIA
SOUDA BAY, CRETE

PIRAEUS, GREECE
KALAMATA, GREECE
THESSALONIKI, GREECE
CORFU, GREECE
KITHIRA, GREECE
VALETTA, MALTA
LARNACA, CYPRUS

ANTALYA, TURKEY
ISKENDERUN, TURKEY
TIZMIR, TURKEY
ISTANBUL, TURKEY
GOLCUK, TURKEY
GULF OF SOLLUM




PREFACE

Environmental phenomena such as strong winds,
high waves, restrictions to visibility and thunderstorms
can be hazardous to critical Fleet ocperations. The cause
and effect of several of these phenomena are unique to
the Mediterranean region and some prior knowledge of
their characteristics would be helpful to ship’'s
captains. The intent of this publication is to provide
guidance to the captains for assistance in decision
making.

The Mediterranean Sea region is an area where
complicated topographical features influence weather
patterns. Katabatic winds will flow through restricted
mountain gaps or valleys and, as a result of the venturi
effect, strengthen to storm intensity in a short period
of time. As these winds exit and flow over port regions
and coastal areas, anchored ships with large ‘sail areas’

may be blown aground. Alsao, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to and from port. At the same time,

adjacent areas may be relatively calm. A glance at
current weather charts may not always reveal the causes
for these local effects which vary drastically from point
to point.

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come from directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a

different direction. These conditions can be extremely
hazardous for tendered vessels. Moderate to heavy swell
may also propagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous

conditions, especially during tending, refueling and
boating cperations.

This handbook addresses the various weather
conditions, their 1local cause and effect and suggests
some evasive action to be taken if necessary. Most of
the major ports in the Mediterranean will be covered in
the handbook. A priority list, established by the Sixth
Fleet, exists for the port studies conducted and this
list will be followed as closely as possible in terms of
scheduling publications.
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1.

GENERAL GUIDANCE

1.1

DESIGN

This handbook is designed to provide ship
captains with a ready reference on hazardous weather and
wave conditions in selected Mediterranean harbors.
Section 2, the captain’‘s summary, is an'abbreviated
version of section I, the general information section
intended for staff planners and meteoroloqists. Once
section 3 has been read, it is not necessary to read

section 2.

Objectives

The basic objective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by environmental conditions in various
Mediterranean harbors, and to offer suggestions for
precautionary and/or evasive actions. A secondary
objective is to provide adequate background information
on such hazards so that operational forecasters, or other
interested parties, can quickly gain the local knowledge

that is necessary to ensure high quality forecasts.

Approach

Information on harbor conditions and hazards was
accumulated in the following manner:

A. A literature search for reference material
was performed.

B. Cruise reports were reviewed.

C. Navy personnel with current or previous area
experience were interviewed.

D. A preliminary report was developed which
included questions on various local con-

ditions in specific harbors.



1.1.3

E. Port/harbor visits were made by NEPRF
personnel ; considerable information was
obtained through interviews with local
pilots, tug masters, etc; and local reference
material was obtained (See section 3
references).

F. The cumulative information was reviewed,

combined, and condensed for harbor studies.

Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and is intended for use as a quick reference by ship
captains, navigators, inport/at sea 00D’'s, and other
interested personnel. This sectiorf contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,

potential environmental hazard, effect-pre-

cautionary/evasion actions, and advance
indicators of potential environmental
hazards,

C. 1local wind wave conditions, and
D. tables depicting the wave conditions result-
ing from propagation of deep water swell into
the harbor.
The swell propagation information includes percent
occurrence, average duration, and the period of maximum
wave energy within height ranges of greater than 3.3 feet
and greater than 4.6 feet. The details on the generation
of sea and swell information are provided in Appendix A.
The second section contains additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional insights on environmental hazards and related
weather events.
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CONTENTS OF SPECIFIC HARBOR STUDIES

This handbook specifically addresses potential
wind and wave related hazards to ships operating in
various Mediterranean ports utilized by the U.S5. Navy.
It does not contain general purpose climatology and/or
comprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in both pre-
visit planning and in situ problem solving by either
mariners or environmentalists. Potential hazards related
to both weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating into

harbor shallow water areas.

Emphasis is placed on the hazards related to
wind, wind.waves. and the propagation of deep water swell
into the harbor areas. Various vessel
locations/situations are considered, including moored,
nesting, anchored, arriving/departing, and small boat
operations. The potential problems and suggested pre-—
cautianary/evasive actions for various combinations of
environmental threats and vessel location/situation are
pravided. Local indicators of environmental hazards and
possible evasion techniques are summarized for various

scenarios.



CAUTIONARY NOTE: In September 1985 Hurricane Gloria raked
the Norfolk, VA area while several US Navy ships were
anchored on the muddy bottom of Chesapeake Bay. One
important fact was revealed during this incident: Most
all ships frigate size and larger dragged anchor, some
more than others, in winds of over 50 knots. As winds and
waves increased, ships ‘fell into’ the wave troughs,
BROADSIDE TO THE WIND and become difficult or impossible
to control.

This was a rare instance in which several ships
of recent design were exposed to the same storm and much
effort was put into the documentation of lessons learned.
Chisf among these was the suggestion to evade at sea
rather than remain anchored at port whenever winds of

such intensity were forecast.




2. CAPT

Cagliari Harbor is located on the south coast

AIN'S SUMMARY

of

the Italian
the Gulf of Caglia

ey

island of Sardinia on the northwest side of

(Figure 2-1).
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Two anchorage areas have been selected for
Cagliari (Figure 2-3). Point 1 is 4-5 n mi southeast of
the enclosed harbors, bearing 170" from Scagtio
Sant'Elia. Point 2 is about 8 n mi due south of the
enclosed harbors east of Sarroch.

The designated anchorages are exposed to winds

and waves of the open sea. Strong southeasterly winds of

force 7 (2B to 33 kt) pose the greatest threat to
anchored vessels due to the 1long fetch and associated

high swell. Strong northwesterly winds of force 7 (28 to

33 kt with gusts to 70 kt) can cause vessels to drag
anchor, but the short fetch to the northwest limits wave
problems to small craft operations.

Tanker crews at Sarroch sometimes call the
weather aoffice at the Cagliari Airport to check on the
local weather forecast when they start to feel swell
motion in the anchorage. The onset of such swell motion
is an indicator of impending socutheasterly winds since
the long-period swell often travels faster than the wind
field that generated it, and arrives ahead of the winds.

Tides are slight, about 1 ft (0.3 m) maximum.

Currents are generally wind driven, set with the
wind, and are weak. However, with strong northwest winds
a 4 to S5 kt east current has been reported off Isola Dei
Cavoli (Figure 2-3).

Specific hazardous atmospheric conditions, vessel

situations, and suggested precautionary/evasion action
scenarios are summarized in Table 2-1. Hazards for both

inport and at anchorage are addressed.



TABLE 2-1.

Summary of hazardous environmental conditions for the Port of Cagliari, Italy.

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

Ni'ly wind - Primary cause is Mistral
from Gulf of Lien, !

* Strongest wind at Cagliari, it funnels
to Port area through Caspidano Valley.
Strongest in late uinter/earl§ sirxng,
wind velocities naz reach 30-35 kts
with gusts to 60-70 kts.

Heakest in summer,

*

Mﬂﬂwﬂu
+ fpproxinately 24 hours after mistral starts in Sulf of Lion,

* Approxisately 5 to 7 hours after orographically induced cusulus clouds
are ohserved over the mountains west of the Port,

Duration
¥ Predoainant wind at Cagliari - 170 daxs ger year,
¢ Strong winds will persist as long as Nistral conditions last.

{1} Moored.

2

Anchored,

{3

Rrriving/departing.

(4) Small boat operations.

{a} Wind may tend to force vessels off moorings.

t Lines aidy need to be doubled.

Wind aay cause anchor dragging.

¥ Twn anchors say be requxreg.

+ A strong event may require evasion to E coast of Sardinia N of Cape
Ferrato.

Evolution should be completed before wind onsets or after it abates
¥ Linited saneuvering rooa in inner harbor.

Wind raises a chop in the entrance to outer harbor and outside Nuovo Nolo
di Levante.

+ Boating to/from anchorage may be curtailed until conditions abate,

B

SE'ly wind/seas ~ Caused by Scirocco or
ow transiting south of Sardinia.
Produces worst swell at anchorages,
Host comaon during autumn,
Maximua velocities about 30 kts,
Swell reflects off breakwater to west
of harbor, causing chop near harbor
entrance.
May be accompanied by rain turned red
by sand and dust in atmosphere

Advance Warning
¥ Tood visibility between the Port and Sarroch anchorage provides 24-hour

warning. .

+ The sug *turning white® during winter indicates SE winds and rain will
occur within 24 hours, L

+ Cloud buildug on aountains west of Sarroch indicates possible
forthcuning £ winds/seas.

t Long period swell felt in tankers at anchorage off Sarroch are an
indicator of impending southeasterly winds

Duration
+ (recurs about 60 dars Yer year at Eagliari. i
# Strong winds usually last 24 to 34 hours before changing to NW,

(1) Moored.

(2

Anchored.

{3

Arriving/departing.

(4) Small boat operations.

Inner harbor is affected only by wind, which may tend to force vessels off
A00rings.
¥ Lines may need to be doubled,

Suell affects only outer harber entrince and waters outside Nuovo
Halo di Levante,
¥ Ninimal effect in inner harkor.

Farce of wind/swell may cause vessels to drag amchor.
¥ Two anchors may be required,

¥ Strong event may reYuire evasion to the Erotected vaters of the Gulf of
Palpas (Golfo de Palmas), about 40 o ai W of Cagliari,

Evolutions should be cospleted prior to wind onset or delayed until winds

abate,
¥ Winds will affect ship handling in inner harbor.
¢ Swell may make anchoring inadvisable,

Winds/seas create hazardous beating conditions in harbor entrance
and outside Kuoyo Holo di Levante,

# TBoating fo/from anchorage may be curtailed.

¢ Boating in inner harbor ainimally affected,

Tropical cyclones - Although uncosmon,
ropical cyclones have been observed in

the Mediterranean basin,

+ Most likely in late summer/autusn but
Hdy 0CCur in any month,

+ Gtorm track is difficult to forecast
accurate]¥. Mariners aust give wide
berth to forecast track.

Advance warning
* Elgg, Eﬂxn clouds in cyclonically spiralling, gradually thickening
ands

* Unexpiained long-period swell approaching from the southern semicircle,

{1} Hoored.
2
3
14

Anchored.
Arriving/departing.
Small boat operations.

Vessels should put to sea and evade stora.
Vessels should put to sea and evade storm
Vessels should put to sez or stay at sea and evade storm.

Curtail all seall boat operations prior on onset of wind.
¥ Roist saall craft out of the water and secure well above high tide line,

or
¥ [f on ship, hoist seall craft out of the water and secure on deck.




Table 2-2 provides the height ratio and direction

of shallow water waves to expect at points 1 and 2

(Figure 2-3) when_the deep water wave conditions are

known.

The Cagliari Point' 1 conditions are found by
entering Table 2-2 with the forecast or known deep water
wave direction and period. The height is determined by
multiplying the deep water height (8 ft) by the ratio of
shallow to deep height (.4).

Example: Use of Table 2-2 for Cagliari
Pogint 1.

Deep water wave forecast as provided by a
forecast center or a reported/observed deep
water wave condition:

8 feet, 10 seconds, from 210°.

The expected wave condition at Cagliari.
Point 1 as determined from Table 2-2:

3 feet, 10 seconds, from 180°¢.

- mw W ew e me W= Me wm mw mw mm W
- mm e e M mm EE we ew me Sw e we S

NOTE: Wave periods are a conservative property and
remain constant when waves move from deep to shallow
water, but speed, height, and steepness change.



Table 2-2. Shallow water wave directions and relative height
conditions versus deep water periad and direction (see Figure ‘
2=3 for location of points).

FORMAT: Shallow Water Direction
Wave Height Ratio: (5hallow MWater/Deep Water)

CAGLIARI FOINT 1:
Feriod (sec)

(=) g 10 12 14 16

i Deep Water i Shallow Water i
) Direction : Direction and Height Ratio }
; Qg0° H 100° 105° 110° 110" 115° 120 |
i ! .7 .6 .7 .4 .4 .4 H
H 120° H 120° 120° 120° 125° 125° 125° |
! : .9 .8 .8 .7 -5 -5 i
H 150° H 150° 150° 145° 140° 140° 140° |
H H .9 .8 .7 .7 .4 .6 H
i 180° : 180° 1753° 170¢° 160° 160° 150° |
H : .9 .8 .l O .7 .8 H
; 210° H 190° 190° 180° 170° 1465° 160° |
i ' .b -5 .4 & & .1 2 '
H 240° ! 180° 180° 18Q° 175° 170° 165° |
H ; -2 .l .S -3 -4 . }
CAGLIARI FOINT 2:
FPeriod (sec) & a 1Q 12 14 i&

Shallow Water
Direction and Height Ratio

Deep Water
Direction

i 070° ; Q20° 090° 095°  100° 100° 100° |
i H -2 .8 -7 o &) -5 = i
; 120° i 120° 120° 120° 120 120° 120°
: i 1.0 -9 .9 -8 .8 .8 3
i 150° i 150° 150° 143® 140° 140° 133°
: i 1.0 .9 .8 .7 .8 -8 :
: 180° i 180° H 7/ 170° 160° 138° 130° |
] H 1.0 .8 .8 -6 oS o0 o) }
i 210° : 210° 200° 120  185° 180*®* 1&0° |
i } .7 o0& -4 .9 0 .3 !
: 240° i H

180° 180° 205° 180° 170° 17Q°
.2 .2 .2 .2 . 3




The local wind generated wave conditions for the

anchorage area identified as point 1 {(Figure 2-3)

given in Table 2-3. All heights refer to the significant
wave height (average of the highest 1/3 waves). Enter
the local wind speed and direction in this table
obtain the minimum duration in hours required to develop
The

time to reach fetch limited height is based on an initial

the indicated fetch limited sea height and period.

flat ocean. When starting from a pre—-existing

Table 2-3. Gulf of Cagliari Point 1. Local wind waves

model).

Format: height (feet)/period {(seconds)
time thours) to reach fetch limited height

are

wave
height, the time to fetch limited height will be shorter.

for
fetch limited conditions related to Point 1 (based on JONSWAP

Direction l.ocal Wind
and\ Speed (kt)

Fetch \

Length \ i8 24 30 36 42
i {n mi) H ; ! H } H
i SW i 2-3/4 ' 374 i\ 3-4/4 i 4-5/4-5 | 5-&/5 H
i 12 n mi ]} 2 ) 2 : i-2 ) 2 H 2 :
] ) 1 ) ] ] 1
1 ONKW : <2 ft : 2/3 : 3/4 i\ 3—-4/4 : 4/4 ;
i 7 n mi i ! 1 3 i i i } 1 !
i N : L2 ft ! <2 ft H 273 V 2-3/3 H 3/3 H
I 4 n mi i } : 1 : 1 ' 1 ;
! H H H H H |
i E H 2/3-4 | 3I/3-4 | 3-4/4 H 4/4-5 | S/5 :
i 10 n mi i 1-2 } 2 } 2 } 1-2 H 1-2 :
i SE* ! 3/4 v 3-4/4-5 | 4/5 i 4-5/5 ' &/3 i
i 16 n mi 3 ) 2 i 2 : 2 ? 2 ;

* Southwest flow over the open sea backs to southeast

over the Gulf of Cagliari. The max i mum fetch
resulting from such a wind pattern would be about 16
n mi. Wind waves would be generated over that

distance and combine with the deep water swell which
changes from southwest to south over the Gulf (see
Table 2-2).



Example:
To the northwest (315°) there is about a 7

n mi fetch (Figure 2-3). Given a northwest
wind at 346 kt, the sea will have reached 3-4
feet with a period of 4 seconds within 1 hour.
Wind waves will not grow beyond this condition
unless the wind speed increases or the direction
changes to one over a longer fetch length. If
the wind waves are superimposed on deep water
swell, the combined height may change in
response to changing swell conditions. Wind
wave directions are assumed to be the same as
the wind direction.

o e
- e e e e w Wm me mm m e e M e

Combined Wave heights are obtained by finding the

square root of the sum of the squares of the swell and
wind wave heights.

Example: Swell 10 ft, wind wave 3 ft.

\/102 + 52 =\/1oo + 25 =\/ﬁ5 A~11.2 ft

Note: Increase over larger height is small. If
both heights were equal, combined height would increase
by a factor of 1.4. If one is half of the other, as in
the example, increase over the larger of the two is by a

factor of 1.12.

Climatological factors of shallow water waves, as

described by percent occurrence, average duration, and
period of maximum energy {(period at which the most energy
is focused for a given height), are given in Table Z-4.
See Appendix A for discussion of wave spectrum and energy
distribution. These data are provided by season for two
ranges of heights: greater than 3.3 feet and greater than

6.6 feet.




Table 2-4. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration or
persistence, and wave period aof maximum energy for wave height
ranges of greater than 3.3 feet and greater than 6.6 feet by
climatological season.

CAGLIARI POINT 1: i WINTER ! SPRING | SUMMER | AUTUMN !
E »3.3 feet 5 NOV-APR E MAaY 5 JUN-SEPi DCT i
3 Occurrence (%) } 20 3 10 % 7 E 11 E
; Average Duration (hrs); 13 ; 13 ; - 10 ; 10 ;
; Period Max Energy(sec); 12 3 B ; 8 E 8 ;
; >b.6 feet ; NOYV-APR ; MAY ; JUN—SEP; ocT E
; Occurrence (Z4) ; 3 ; 2 ; 1 ; 1 ;
; Average Duration (hrs); 8 ; & 3 a8 ; 8 ;
; Period Max Energy(sec); 12 ; 12 3 12 ; 12% g
éAGLIARI PDINT 2: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
f >3.3 feet f NOV-APR 5 MAY 3 JUN—SEPE OcT i
; Occurrence (%) } 20 E 10 % 7 } 12 g
; Average Duration (hrs); 13 ; 11 ; 12 ; 11 ;
1 ' ' : 1 '
; Period Max Energy(sec)} 2-10 } 8-9 E 8 % 8 E
; >6.6 feet E NOV-APR % MAY 5 JUN—SEP% ocT %
% Occurrence (%) } 3 } 2 E 1 3 1 %
; Average Duration (hrs); 2 ; 8 ; 6 ; 9 ;
E Period Max Energy(sec)% 10 ; 12 3 12 ; ?-10 ;

* The 12 second period shows a sharp peak in the wave
climatology energy values. This indicates that for wave
heights over 6.6 feet, waves with a 12 second period
have a high frequency of occurrence. This pattern is
known as "short crested conditions” (see page A-3 of
Appendix A for explanation of "short crested
conditions").



SEASONAL. SUMMARY OF HAZARDOUS WEATHER CONDITIONS

WINTER (November thru February):

* Frequent (especially February) strong north-
westerlies due to Mistral, generally 30-35 kt
gusting to 60-70 kt.

* Mistral causes high waves at anchorage, moderate
chop in harbor.

* High waves in harbor caused by strong south-—
easterlies due to Scirocco or low in Strait of
Sicily.

* Dangerous wind chill infrequent but can occur when cold

temperature combines with strong wind.

SPRING (March thru May):
% Early spring conditions are like winter.

#* Sea breeze occurs on warmest days.

SUMMER (June thru September):

* Sea breeze daily occurrence.

AUTUMN (October):
* Short transition season with winter weather
returning by end of month.
* Scirocco common in autumn and rain associated with
it may be red due to dust/sand transported fram

Africa.

NOTE: For more detailed information on hazardous weather
conditions see previous Summary Table in this section and

Hazardous Weather Summary in Section 3.
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3.1

GENERAL INFORMATION

This section expands on the material in the
Captain’'s Summary. Figures and Tables are repeated with
a continuation of numbering. Paragraph 3.5 provides a
general discussion of hazards and Table 3-5 provides a

summary of hazards and actions by season.

Geaographic Location

The Port of Cagliari 1is located at 3%°13°N
Q9°07°E on the south coast of the Italian island of
Sardinia on the northwest side of the Gulf of Cagliari
(Bolfo di.Cagliari), (Figure 3-1).
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Figure 3-1. Ports of Italy, Sicily, and Sardinia.
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The Gulf of Cagliari is exposed to winds and

waves from the southeast quadrant and to northwest winds
funneled through the Campidano Valley (Figure 3I-2).
Vessels desiring to avoid strong northwesterly winds can
mave east arcund Cape Carbonara and northward beyond Cape
Ferrato. The BGulf of Palmas {(Golfo di Palmas), located
about 40 n mi west of Cagliari, offers good protection

from southeasterly winds and waves.
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The Port of Cagliari consists of inner and

harbors.

extensive breakwaters:

and protects the west side of the harbor,

di Levante

(Figure 3-3).

Molao di

largest commercial port on Sardinia and

the i1island.

Levante

which forms and protects the

The inner harbor is protected by

and Mole BSebaudo. Cagliari

the

capital

outer

The artificial outer harbor is protected by two
Nuovo Molo di Ponente which forms
and Nuovo Molo

south side

Vecchio
the
of

is

=

SARROCH

CAGLIARI

.‘iﬁﬁﬁ

RADA DI, ' ¥
CAGLIARY' | SCOGLIO .~ 5 ™
: : S-flf‘l'rfj}-'ﬂ." 1 MOLD SETTENTRIONALE
P i = b MUCWVO MOLD DI PONENTE
i i A @ c. MOLO SEBALIDD
¥ E pu d VEGCHIO MOLO Di LEVANTE
A0 . NUOVO MOLO D1 LEVANTE
10_ Fathorms ! MOLD MERIDIDNALE

5. PANCRAZION

ATHEDRAL

GULF OF CAGLIAR!

Yo

ISOLA DE]
CavoLl

NAUTICAL MILE SCALE

l]'l?.'?li.‘:

39°0N

Figure 3-3. Port of Cagliari



%

A

Pualitative Evaluation of the Port of Cagliari

The Port of Cagliari is situated at the southeast
end of the Campidano Valley, a long rift in the
mountainous terrain of Sardinia. Elevations of the
terrain bordering the valley range from 2,000 to 3,300 ft
(610 to 1,067 m) an the northeast side to over 4,000 +t
(1,219 m) on the southwest side. The configuration aof
the valley is 1largely responsible for the prevailing
northweéterly winds (170 days per year) at Cagliari, and
serves as a funnel to direct strong Mistral winds to the
Fort.

The inner harbor is sheltered and considered
sate. The outer harbar is well protected, but
southeasterly swell reflects off of the face of a
breakwater which protects a new industrial harbor (no
U.S. military ships allowed) located west of the primary
harbor, and enters the outer harbor. The reflected swell
is not a significant bother to ships but can create
problems for small boats going to or from the anchorage.
The bottom of the harbor offers moderate holding ground.

While smaller vessels utilize the protected
waters inside the breakwaters, large vessels must anchor
out. The primary anchorage (Foint 1) 1is located on
radial 170° about 2 to 3 n mi from Scoglio Sant’® Elia
(Figure 3-3) in a depth of B2 to 98 ft (20 to 30 m).
Holding is generally good on a sand bottom. Commercial
tankers anchor (Point 2) near Sarroch south of 39°04°N
from the coast to 09°10°E in depths of 113 to 131 ft (35
to 40 m). Both anchorages are exposed to southeasterly
wind and waves. Anchorage can be taken in 60 ft (18.3 m)
of water with good holding ground in Rada di Cagliari

(U. 5. Navy, 1983).

Currents and Tides

Currents near Cagliari are wind driven and mostly

weak. The current sets east with a northwest wind and
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west with a southeast wind. A strong northwest wind is
reported to cause a 4 to 5 kt current off of Isocla Dei
Cavoli (Figure 3-3). According to U. 5. Navy, 1283, an
east current, "particularly noticeable with winds from
the northwest quadrant and after heavy rain carries sea
weed into the harbor." Tides are slight, with a spring
rise of only about 1 ft (30 cm). The tidal rise doesn’t

exceed 2 tt even when augmented by onshore winds.
Visibility

Visibility conditions at Cagliari are rarely bad,
but are best under northwesterly flow and worst under

southeasterly flow. When occurring, restricted

vigibility is most common during early morning hours.

Hazardous Conditions

A seasonal summary of known environmental hazards
that may be encountered in the Port of Cagliari follows.

A. Winter (November through February)

The winter seEason brings frequent strong
northwesterly winds to the Port of Cagliari as Mistral
winds blow from the Gul¥ of Lion across the western
Mediterranean Sea to Sardinia. Most frequent in February
{Brody and Nestor, 1980), the winds reach the Port as 30
to 35 kt northwesterlies with gusts as strong as 60 to 70
kt. The winds cause only minor problems in the harbor,
but anchor dragging is possible for anchored vessels.
Because the wind is offshore, the fetch is severely
limited and the effect on the sea surface is limited to a
chop. The chop can, however , affect small cra+ft
operations in the harbor and jeopardize small boat runs
to and from the anchorage. The wind is strongest when a
low pressure system moves across the Gulf aof Genoa.

Strong southeasterly winds (to 30 kt) pose a
greater hazard to the Port of Cagliari. They can be
caused by a Scirocco or a low pressure system in the

Strait of Sicily but, in either case, because of the long
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fetch area, can generate southeasterly swell which
propagates to and adversely affects the Fort. The swell
is highest near Sarroch, but also affects the anchorage
south of Scoglio Sant® Elia. Southeasterly swell tends
to reflect off of the Fface of the breakwater which
protects the east side of the new commercial port and
enters the outer harbor of the primary port area through
the west—facing harbor entrance. The reflected waves
create hazardous conditions for small boats. When the
winds are caused by a low in the Strait of Sicily, they
may be accompanied by rain and thunderstorms produced by
oragraphic lifting over the mountains of Sardinia.
Sputheasterly winds occur about 60 days per year, usually
lasting about 24 to 3I& hours before returning to
northwesterly, except that a strong Scirocco event may
last longer.

There are generally no other strong wind effects
at Cagliari. Southwesterly winds turn to southeast as
they cross the Gulf of Cagliari, and usually cause no
problems at the Port. The harbor is protected from
sguthwesterly swell.

Vigibility is mostly good during winter, with fog
occurring occasionally during early morning hours early
in the seasaon.

Precipitation is common during winter as it is
the wettest season of the year at Cagliari.

Winter temperatures normally range +from about
43I°F (&°C) to S7°F (14°C). The extreme range for the
season, based on a 20-year record, spans 25°F (-4°0C) to
72°F (22°C). While the temperatures do not appear cold
by many standards, the wind chill (temperature combined
with wind) can adversely affect personnel working on
weather decks without proper protection. {Table 3-1 can
be used to determine wind chill for wvarious temperature

and wind combinations.)




Table 3-1. Wind Chill. The cooling power of the wind
expressed as "Equivalent Chill Temperature" and the
danger of freezing exposed flesh (adapted from Miller and
Thampson, 1270).

Wind Speed Cooling Power of Wind expressed as
"Equivalent Chill Temperature"
Knots MPH Temperature {(°F)

Calm Calm S50 45 40 3I5 30 PS5 20 15 10
Equivalent Chill Temperature

3-6 S 48 43 37 32 27 22 16 11 &
7-10 10 40 34 28 22 1& 10 4 -2 -9
11-15 15 36 29 22 16 ? 2 -5 -11 -18
16-19 20 32 25 18 11 4 -3 -10 —-17 =25
20-23 25 30 23 16 8 o -7 ~-15 -22 -29
24-28 30 28 21 13 6 -2 ~-11 -18 -25 -33
26-32 35 27 19 11 4 -4 -12 =20 -27 -35
33-36 40 .26 18 10 2 =6 -13 -21 -29 -37

B. Spring (March through May)

Early spring environmental conditions are similar
to those of winter. Northwesterly winds continue to
predominate but strong winds become less frequent after
mid-season. Southeasterly winds occur with diminishing
frequency as the season progresses, as low pressure
systems track farther north and Scirocco events become
less common.

Sea breezes start to occur during afternoons on
warm days, but seldom exceed southeasterly 7 to 10 kt and
pose no significant problem to harbor operations.

Spring temperatures start to moderate from those
of winter, with temperatures normally ranging from about
S0°F  (10°C) to 66°F (19°C). Based on a 20-year record,
the extreme range from the season is approximately 2B°F
(-2°C) to B&°F (Z0°C).

Precipitation amount and frequency gradually
decrease as summer approaches.

C. Summer {June through September)

Summer weather at Cagliari brings few hazardous
weather events. Northwesterly winds still predominate
but are overcome during afternoon hours as the sea breeze
mechanism takes effect. The southeasterly sea breeze
starts about 1100L, seldom exceeds 7 to 10 kt, and is
strongest between 1600L and 1700L. The sea breeze is
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usually not a problem to mariners. There is no land
breeze at night.

S8ince summer Sciroccos are uncommon, and the
storh track that brings low pressure systems south of
Sardinia during the winter is displaced northward during
the summer, strong southeasterly winds and associated
waves are not usually a problem from June through
September.

Summer temperatures normally range from about
64°F (18°C) to B2°F (28°C).

Summer 1s the driest season of the year, with
July being the month of least precipitation.

D. Autumn (October)

The autumn season is short at Cagliari, as the
transition from the summer weather regime to winter is
quite abrupt. Strong northwesterly winds become more
common by the end of the month as Mistral conditions
return to the western Mediterranean Sea. Funneled to the
Fort through the Campidanao Valley, the winds reach the
Port as northwest 30 to 35 kt with gusts as strong as 60
to 70 kt. The winds cause only minor problems in the
harbar, but anchor dragging is possible for vessels
anchored in the harbor or south of Scoglio Sant” Elia.
Because the wind is offshore, the fetch is severely
limited and the effect on the sea surface is limited to a
chop. The chop can, however , affect small craft
operations in the harbor and jeopardize small boat runs
to and from the anchorage. The wind is strongest when a
low pressure system moves across the Gulf of Genoa.

Scirocco conditions commonly occur in autumn, and
low pressure systems once again pass south of Sardinia as
the storm track 1s displaced southward as the season
progresses. Both events cause southeasterly flow to
impact Cagliari harbor operations. Although the winds
seldom exceed 30 kt and have a normal duration af only 24
to 36 hours, the long fetch southeast of Cagliari allows
a significant swell to be generated. Section 3.3A
contains a discussion of the effect of the southeasterly

winds at Cagliari.
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Autumn visibility is generally good, but early
morning fog occasionally restricts visibility.

Temperatures begin to decrease from the warm
values of summer. The narmal daily range is
approximately S57°F (14°C) to 73°F (23°C), but a 2Z0-year
record shows an extreme range of about 32°F (0°0) to
102°F (39°0C).

October brings a sharp increase in precipitation,
from that of the relatively dry summer months, as
extratropical storm systems and their associated frontal
systems transit the area. Scirocce events also bring
warm rain, which may have a red color due to the sand and
dust being transported northward from Africa.

E. Tropical Storm Season

Storms having tropical cyclone characteristics
with fully developed eyes have been observed on at least
three occasions in the Mediterranean basin: 2326
September 1269, 22-28 January 1982, and 26-30 September
1983. On the latter occasion the storm moved northwest
from the . Gulf of BGabes (on the southeast coast of

Tunisia), through the Strait of Sicily, along the east

coast of Sardinia, and into the Gulf of Genoa. Winds of

100 kt were observed near the eye while Cagliari reported
winds aof 60 kts. The potential for another storm of this
type to strike Cagliari is real and the meteoroclogist

must be aware of the possibility.

Harbor Protection

While parts of the Port of Cagliari are well
protected from specific hazardous conditions, there is
exposure to others. The following sections address the
various conditions and their effects on harbor

operations.
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3.6.2

Wind and weather

With one major exception, the topography of
Sardinia protects the port area from most winds fraom
west—southwest clockwise through east. The exception is
wind that blows from the northwest through the Campidano
Valley. Cagliari lies at the southeast end of the
valley, and wind, usually of Mistral origin, funnels
uninterrupted to the port. The major impact on harbor
operations is primarily limited to small craft operations
to and from the anchorage south of Scoglioc Sant’ Elia and
to anchored vessels due to the possibility of anchor
dragging.

Winds from east-southeast clockwise through
southwest are unimpeded by any terrain effects and arrive
at Cagliari with 1little change in their open sea
direction or velocity except that southwesterly winds
reach the harbor as southeast due to the configuration of
the terrain around the port area. The direct effects of
the wind alone may cause anchor dragging and curtailment
of small boat operations outside the breakwaters
surrounding the outer harbor. Rain and/or occasional
thunderstorms may accompany southeasterly winds but have

little impact on harbor operations.

Waves
The breakwater enclosed inner and outer harbors
of the Port of Cagliari are well protected from

significant wave action from all directions. The strong
northwesterly wind which is funneled to the Port area
through the Campidano Valley creates a chop, but the chop
impacts only small boat operations. A southeasterly wind
can generate a sea and swell that is potentially
hazardous to vessels in the roadstead, but the impact
inside the breakwaters is limited to waves which reflect
off of the face of the breakwater (Moloc Settentrionale)

that protects the eastern side of the new commercial
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harbor being constructed west of the original harbor.
The reflected waves pass through the harbor entrance and
create difficult conditions for small boat operations
within the harbor. The anchorages outside the
breakwaters are exposed to the full force of the
southeasterly swell.

Table 32 provides the shallow water wave
conditions at the two designated points when deep water

swell enters the harbor.

Example: Use of Table 3-2.

For a deep water wave condition of:

10 feet, 12 seconds, from 210°

The approximate shallow water wave conditions
are:

Point 1:

3 feet, 12 seconds, from 170°
Point 2: S f

eet, 12 seconds, from 185°

O




Table 3-2. Shallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
3-3 for location of the points).

FORMAT: Shallow Water Direction
Wave Height Ratio: {Shallow Water/Deep Water)

CAGLIARI POINT 1=
Period {(sec)

(=) 8 10 12 14 16

i Deep Water i Shallow Water :
H Direction H Direction and Height Ratio H
H 0%0° H 100° 105° 110 110* 115° 120° |
{ H -7 .6 -7 .4 .4 -4 H
! 120° H 120° 120° 120 125° 125° 125° |
i } .9 .8 .8 .7 .6 .5 !
i 150° i 150° 150° 145° 140° 14Q° 140° |
; ! .9 .8 .7 .7 - & .6 :
! 180° H 180° 175° 170° 1&0° 1&0° 130° |
H H .9 .8 . b b .7 .8 H
H 210° i 190° 190° 180° 170° 165° 160G
H ! .6 -3 .4 .5 A « 2 i
: 240° : :

186° 180° 180° 1753° 170° 165°

a2 s - .S -4 o

CAGLIARI POINT 2:
Feriocd (sec)

& 8 10 12 i4 16

i Deep Water | Shallow Water H
i Direction ! Direction and Height Ratio H
H 090° ! 090° 090" 0%93°  100° 100° 100* 4
: i -7 .8 « 7 .3 . 3 &) !
: 120° ! 120° 120° 120° 120° 120°  120°
H H 1.0 .9 .2 .8 .8 .8 !
H 150° ; 15G° 150° 145* 14Q° 140° 135° |
d ' 1.0 .9 .8 .7 .8 .8 !
! 180° | 180° 175° 170° 1&0° 153°  150° |
; H 1.0 .B .8 .5 -3 S H
H 210° i 210° 200° 120° 183° 180° 160° |
! H -7 -5 -4 .5 ] .3 i
H 240° H ]

180" 180°" 205°  180° 170° 170°
-2 -2 . 2 . J -4




Situation specific shallow water wave conditions
resulting from deep water wave propagation are given in
Table 3-2 while the seasonal climatology of wave con-—
ditions in the harbor resulting from the propagation of
deep water waves into the harbor are given in Table 3-3.
If the actual or forecast deep water wave conditions are
known, the expected conditions at <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>